Abstract Adolescence may be an important etiological period in the development of multiple sclerosis (MS), and studies suggest that adequate vitamin D nutrition is protective. Here, the authors examined whether dietary intake of vitamin D during adolescence decreases the risk of MS in adulthood. In 1986 in the Nurses' Health Study and in 1998 in the Nurses' Health Study II (NHSII), women completed a food frequency questionnaire regarding their dietary intake during adolescence. From this, daily intake of vitamin D was calculated.
Introduction
Current evidence suggests that multiple sclerosis (MS) is caused by an environmental factor(s) in genetically susceptible individuals [1, 2] , and that adolescence may be an important etiologic period for the development of MS [3, 4] . Insufficient vitamin D nutrition has been proposed as a possible risk factor for MS and studies showing an inverse association between MS and sun exposure during childhood [5] , dietary vitamin D intake in adulthood [6] , and high serum levels of vitamin D [7] provide evidence which supports the hypothesis. Using two large cohorts of US women, we examined whether dietary intake of vitamin D during adolescence was associated with the risk of MS in adulthood.
Materials and methods

Study population
The Nurses' Health Study (NHS) is a cohort of 121,700 female registered nurses, who were 30-55 years old when the cohort began in 1976. The Nurses' Health Study II (NHSII) cohort is comprised of 116,671 female registered nurses, who were 25-45 years old when the cohort began in 1989. Women in both cohorts complete detailed questionnaires every two years regarding their lifestyle practices and medical conditions. This study was approved by the institutional review board of Brigham and Women's Hospital.
Case ascertainment
Women who report an MS diagnosis are sent a request to allow study investigators to contact their treating neurologists. Neurologists are sent a questionnaire asking if the MS diagnosis is definite, probable, or possible, and whether laboratory test results, such as MRI and oligoclonal banding, support the diagnosis. In a previous validation study, there was 93% agreement between the treating neurologists' diagnosis and the diagnosis made by a study neurologist after medical record review [8] . Therefore, we considered the diagnosis definite or probable if made by the treating neurologist or after medical record review by our study neurologist. We have confirmed 248 incident definite/probable cases in the NHS between 1976 and 2004, and 413 in the NHSII between 1989 and 2005. In the NHSII, we have also confirmed 140 women, who had prevalent definite/probable MS when the cohort began in 1989 following the same confirmation procedures as described above.
Adolescent diet assessment
Typical diet during adolescence (approximately aged [13] [14] [15] [16] [17] [18] was assessed in the NHS cohort in 1986 with a 24-item high school food frequency questionnaire (HS-FFQ) included in the biennial questionnaire, and in a subset of women in the NHSII (n = 47,355) in 1998 with a supplemental 131-item HS-FFQ. Women were asked to report their average consumption frequency of a variety of foods, including dairy foods, during the years they were in high school using one of nine categories ranging from never or less than once/month to six or more/day. Portion size was specified for each food item as appropriate (e.g. one 8-oz glass of milk). Women were also asked about their multivitamin use (yes/no), and frequency of use (in the NHS using the same nine categories as for food items; in the NHSII: B2 pills/week, 3-5, 6-9, or C10). Both the NHS and NHSII HS-FFQ included milk, fish, and multivitamins, the main sources of dietary vitamin D. Intake of vitamin D (total, dairy, non-dairy, from multivitamins) for each participant was calculated as the frequency of food/multivitamin item intake multiplied by the nutrient composition of the specified portion size of each food, with frequencies weighted in proportion to one per day being equal to one. For example, women who reported intake of a food once/ day would have a daily intake of vitamin D from that food equal to the amount of vitamin D in the specified portion multiplied by one. Likewise, intake of food 2-3 times/day is weighted as 2.5 (average frequency) so that daily vitamin D intake from food is the amount in the specified portion 92.5. For food items consumed less than daily, the average frequency was divided by seven to estimate a ''daily'' intake. Total daily vitamin D intake was the sum of all daily vitamin D intake from each food/multivitamin item. Similarly, dairy vitamin D was from dairy sources only and non-dairy vitamin D from non-dairy sources only.
Reproducibility of the HS-FFQ has been assessed in both cohorts, and for total vitamin D intake the correlation between the two assessments was 0.51 (NHS) [9] and 0.71 (NHSII) [10] . The reproducibility correlation for milk intake was 0.76 in the NHSII, but was not available in the NHS. The validity of the 131-item HS-FFQ was indirectly assessed by asking mothers of NHSII participants to recall their daughters' high school diet using the HS-FFQ. The correlation between the daughters' and mothers' recall for vitamin D intake was 0.48 and was 0.43 for milk intake [10] . Further, reported adolescent diet was not highly correlated with current dietary intake in either cohort [9, 10] . Overall, these studies suggest that remote recall of diet during adolescence has good reproducibility in these cohorts and may be used to assess associations between diet in early life and adult-onset disease.
Statistical analysis
Women with unrealistic caloric intakes per day [\500 or [4,500 (NHS n = 1,230)/\600 or [5,000 (NHSII n = 1,243)] were excluded from the analyses. Complete information on dietary intake during adolescence was available for 73,938 women in the NHS and 45,848 women in the NHSII, including 177 (71%, NHS) and 202 (49%, NHSII) incident MS cases, and 67 (48%) prevalent cases (NHSII). Cox proportional hazards models, stratified by age in months and 2-year time periods, were used to estimate the rate ratios and 95% confidence intervals. In multivariate analyses, we adjusted for caloric intake, ethnicity, latitude of residence at age 15, and pack-years of cigarette smoking [8] . We created quintiles of vitamin D intake (total, dairy only, non-dairy only) based on the distribution of intake for each cohort. Supplemental vitamin D was categorized in IU/day as 0, \400, C400 (400 IU being the typical amount in a multivitamin). Because previous ecologic studies have suggested an increased prevalence of MS in areas with higher milk consumption [11, 12] , and individuals with MS have elevated antibodies to some milk proteins which may crossreact with myelin [13, 14] , we hypothesized that an inverse association with vitamin D may be masked by a positive association with dairy intake; therefore, we also conducted analyses adjusting for dairy intake and for the association between specific dairy foods and MS. Tests for linear trends were conducted by modeling the median nutrient intake for each quintile/category or the number of servings of total dairy or milk per day as continuous variables. All analyses were conducted separately among the NHS incident, NHSII incident, and NHSII prevalent cases, and were pooled using the inverse variance of the effect estimates as the weight. A Q-statistic was used to assess heterogeneity of the rate ratios across the three groups [15] . Analyses were also conducted restricted to the prospective subgroup, for instance, cases diagnosed and person-time accrued after return of the HS-FFQ in 1986 (NHS, n = 108 cases) or 1998 (NHSII, n = 68 cases) and to definite cases only (NHS, n = 116; NHSII, n = 149). Finally, we conducted an exploratory analysis restricted to women who were living in the northern tier of the US at age 15 (NHS, n = 88; NHSII, n = 73), as diet becomes a more significant source of vitamin D at higher latitudes during the winter months when vitamin D production by sun exposure is markedly reduced or absent. Analyses were conducted using SAS version 9. A P value \ 0.05 was considered statistically significant.
Results
Women with greater vitamin D or whole milk intake were more likely to live in the northern tier of the US at age 15, have a Scandinavian ancestry, and were less likely to be ever have been smokers at baseline (Table 1) .
Although neither total vitamin D intake nor intake of vitamin D from supplements during adolescence were significantly associated with MS risk, there was a suggestion of a 27% reduction in MS risk with intake of at least 400 IU of vitamin D from supplements (Table 2 ). In analyses restricted to women living in the northern tier at age 15, while there was still no relation between total vitamin D intake and MS risk, the inverse association between vitamin D from supplements and MS risk was stronger [Pooled relative risk (RR) comparing intake of at least 400 IU/day to no intake = 0.51; 95% CI: 0.21, 1.24] and approached significance (P for trend = 0.05). The interaction between latitude of residence and supplemental vitamin D intake was not significant (P = 0.63).
Total vitamin D intake from dairy sources only was not associated with MS risk (Table 2) , while there was a nonstatistically significant 22% reduction in risk with vitamin D from non-dairy sources (top vs. bottom quintile, P = 0.14) ( Table 2 ). In analyses based on servings per day of dairy products, total dairy intake was not related to MS risk, but women who consumed whole milk three or more times per day had a 47% increased risk of MS (P = 0.04) ( Table 2) . Among other dairy foods, only cream cheese (Pooled RR C2 servings/week vs. \1/month = 1.57; 95% CI: 1.01, 2.44; P = 0.04), was associated with MS risk (data not shown). The above analyses were also prospectively conducted (i.e., restricted to person-time and cases occurring after return of the HS-FFQs-1986 in the NHS and 1998 in the NHSII). While there was still no association with total vitamin D intake (Pooled RR top vs. bottom quintile = 1.03; 95% CI: 0.49, 2.15; P for trend = 0.58), the suggestion of an inverse association with C400 IU/day of supplemental vitamin D intake versus none (Pooled RR = 0.79; 95% CI: 0.46,1.36) and a positive association with C3 servings/day versus \1/month of whole milk remained (Pooled RR = 1.43; 95% CI: 0.75, 2.74), though neither was statistically significant in trend tests. Results were also similar when analyses were restricted to definite cases and those with relapsing-remitting MS (data not shown).
In a previous study in these cohorts, we found that intake of vitamin D from supplements during adulthood was inversely associated with MS [6] . Therefore, we also examined the effect of ''lifetime'' high vitamin D intake from supplements (i.e., during both adolescence and adulthood) on MS risk. Compared to women with no intake, the relative risk of MS among women with intake C400 IU/day of vitamin D during both periods was 0.71 (95% CI: 0.36, 1.39; P = 0.32).
Discussion
In these two large cohorts of US women, total vitamin D intake during adolescence was not associated with risk of MS in adulthood. There was a non-statistically significant lower risk of MS among women with high intake of vitamin D from supplements during adolescence, particularly those living at higher latitude, whereas intake of three or more servings per day of whole milk during adolescence was associated with an increased MS risk.
The results of previous investigations are consistent overall with the hypothesis that MS risk is related to vitamin D status at different ages [16] , possibly starting in utero [17] [18] [19] [20] and extending through early childhood [21] , adolescence [5, 22, 23] , and adult life [6, 7] , although a lack of association between use of vitamin D supplements in adolescence (age [10] [11] [12] [13] [14] [15] and MS risk has also been reported [5] . Several factors may explain why vitamin D intake during adolescence was not associated with MS risk in our study. First and foremost, vitamin D status is largely dependent on sun exposure [24] , and therefore, even if high vitamin D concentrations reduced the risk of MS, only a modest association would be expected with vitamin D intake. Even a relatively large study has therefore only sub-optimal power. This limitation is compounded by the difficulty in obtaining an accurate measure of vitamin D intake during adolescence. While previous reproducibility [9, 10] and validation studies [10] in these cohorts suggest recall of diet during high school using an FFQ is adequate for purposes of studying adolescent diet-adult disease associations, and previous studies using the HS-FFQs in these cohorts found associations between adolescent diet and risk of breast cancer [25] [26] [27] , non-differential error in reporting of food item intake is likely and would likely bias associations between vitamin D intake and MS risk towards the null. Additionally, women in the NHS cohorts were recruited past the peak age of MS incidence (late 20s to early 30s) and therefore have an average age of MS onset which is older than in the general population (NHS = 42 years; NHSII = 38 years); migration studies suggest that exposures during childhood or adolescence are important in the etiology of MS, and vitamin D intake during adolescence may be more important for MS onset at younger rather than older ages. On the other hand, due to the high collinearity between vitamins from supplemental sources, we cannot exclude the possibility of confounding from other vitamins found in the supplements. Finally, the moderate inverse association that we found is consistent with recent evidence suggesting that the effects of vitamin D on MS risk may depend on genetic susceptibility-in a recent study in the Nurses' Health Study cohorts, dietary intake of vitamin D during adulthood was only associated with a reduced risk of MS among women who had the vitamin D receptor 'ff' genotype [28] . Observations of high correlations between prevalence of MS and milk consumption in ecologic studies [11, 12] , and increased antibodies to some milk proteins that may crossreact with myelin proteins in MS patients [13, 14] led us to examine milk and other dairy as possible confounders of the vitamin D association, essentially masking a protective effect of vitamin D. While the associations we observed with vitamin D intake and MS risk did not change, we did observe an increased risk of MS with whole milk intake of at least three servings/day during adolescence; this association persisted in analysis adjusted for latitude of residence at age 15, and is thus unlikely to simply reflect an increased milk consumption in northern states. In a prospective study of dietary intake in adulthood and risk of MS in the NHS and NHSII [29] , there was no association with dairy food consumption. Therefore, the association with whole milk seen here should be interpreted cautiously and needs confirmation in other populations.
In summary, in this large investigation, we observed no association between total vitamin D intake during adolescence and risk of MS in adulthood. However, there was a non-statistically significant 27% reduction of MS with C400 IU/day of vitamin D from supplements and a slight increased risk associated with consumption of C3 servings of whole milk per day during adolescence. These results are relevant for the planning of further investigations, which should consider the possibility of opposing effects of vitamin D and other milk components on MS risk.
